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ABSTRACT 

A dual frequency millimeter solar radio telescope was assembled for the purpose 

of obtaining a measure of the average solar flux intensity and burst activity at wavelengths 

of 8.6 and 4 millimeters. The patrol instrument was placed in  operation on 1 May 1965. 

Observational data was accumulated on a nearly continuous basis for a period of one year 

at a wavelength of 8.6 mm. Operational difficulties were encountered with the 4 mm 

system, primarily with the reliability of the mixer crystal used in the superheterodyne mode 

of operation. Consequently, only three months of data were accumulated at a 4 mm wave- 

length. The days of observation were broadly scattered throughout the year. A reliable 

mixer-crystal mount was assembled during the spring of 1966 and placed in  operation during 

May of that year. 

The quiet sun flux intensity at 8 mm was measured by direct comparison with the known 

flux intensity of the moon. The measured brightness temperature i s  8,OOOOK corresponding to 

a flux intensity of 2 x 1 0 - l ~  watts/m / ~ z  (2,000 flux units). Similar measurements were 

attempted at the 4 millimeter wavelength. The sensitivity of the instrument at the time of 

observation precluded a significant result. 

2 

A gradual increase in  solar activity was noted during the observational period from 

1 May 1965 to 1 May 1966 at a wavelength of 8.6 millimeters. A slowly varying component 

was easily detected. The f i rs t  detection of burst activity at 8.6 mm was noted in the spring 

of 1966. Three types of burst phenomena were recorded: (a) gradual rise and fall; (b) 

sudden intense burst; and (c) extremely short bursts. 

During the 90 day period from 1 March 1966 to 1 July 1966, several sudden intense 

bursts were recorded at 8.6 mm. Several were in  near coincident time with events at wave- 

lengths of 1 Ocm or greater. A sudden intense burst on April 12, 1966 was correlated with 

events observed only at 6.5 cnl,and this burst showed a pronounced increase in  flux inten- 

sity with increasing frequency. 



' .  
In addition to the short term burst activity noted above, continuous complex 

activity was first noted during the month of June 1966. This phenomena, not previously 

observed, consists of a combination of all three types of events and occurs over the period 

of several hours, and in  some cases, several days. Correlation of this phenomena with 

events at other frequencies over a longer time base was in the process of analysis a t  the 

time of report preparation. 

Correlation of sudden intense bursts and complex solar activity at 8.6 mm with 

activity at 4 mm was f i r s t  obtained in  June 1966. The sparse nature of the 4 mm data i s  

inadequate to arrive at significant conclusions at this time. 



a 

1 .O INTRODUCTION 

The prime objective of the program was to obtain a measure of the character- 

istics of solar activity at wavelengths of 8.6 and 4 mm, to aid in  an understanding of 

the relationship of millimeter wave solar characteristics to various solar phenomena 

observed throughout the electromagnetic spectrum. The effort was i n  large part suggested 

by the prior work of R .J . Coates’ ‘ 2 r 3  and the analysis of Tanaka and Kakinuma4 that the 

millimeter wave brightness of a plage area might serve as an indicator of an impending solar 

flare. 

The one-year observing period beginning in  May 1965 was in  near coincidence with 

the period of quiet sun activity, hence a significant objective was to obtain a measure of 

the quiet sun level. 

The f i r s t  phase of the program effort was the assembly of  a dual frequency radio 

telescope. Original design objectives and measured performance characteristics are dis- 

cussed in  Section 3.0. The second phase of the effort was devoted to one year of obser- 

vation, commencing on 1 May 1965. 

A high degree of reliability was obtained with the 35 GHz (8.6 mm) radiometer 

system. Essentially, continuous daily solar patrol data was obtained throughout the entire 

year at this frequency. Considerable difficulty was experienced with the 75 GHz system 

particularly in  the area of mixer crystal reliability. Several design approaches were investi- 

gated leading to reliable conversion unit operation based on a Sylvania diode, Type D5252. 

The program i s  indebted to the Electronic Research Center of NASA for their generous 

support in  providing crystals and klystron local oscillators for evaluation. 

Results obtained under the program include: 

1 .  A precise measure of quiet solar flux intensity at a 

wavelength of 8.6 mm. 

Measurement of the characteristics of the slowly 

varying solar component. 

2. 



I .  
3. Identification of 3 types of solar burst activity at 

a wavelength of  8.6 mm . 
Correlation of 8.6 mm actually with simultaneous 

observations at 4 mm . 

I 
I 

4. 

I 

I 
A discussion of the observational data i s  included in  Section 2.0 

Failure to achieve reliable operation at 4 mm until very late in  the program was the 

greatest disappointment . This did, however, highlight the need for greater concentration 

of effort on improved component reliability at frequencies above 35 GHz. An in-house 

supported effort was undertaken to identify those approaches which appear most promising 

i n  the achievement of the desired reliability. Considerable progress was made in this 

direction. As a result, the present "RF head" configuration of the 4 mm system represents 

a marked improvement over what was considered to be a conventional state-of-the-art 

approach undertaken at the outset of the program. 

I 

I 

The significance of this research effort i s  considerably enhanced by the marked 
I 

increase in  solar burst activity recently observed at both 8.6 mm and 4 mm . Recom- 

mendations for continuation of the program are included as an addendum to this report . 
I 

I 
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2.0 RESULTS AND DISCUSSION OF DATA 

2.1 8.6 mm Observations 

Observational objectives included: 

Measurement of the quiet sun flux intensity 

Characteristics of the slowly varying component 

Quiet Sun Flux Intensity 

The conventional method for measurement of flux intensity i s  predicated on a 

detailed knowledge of antenna aperture characteristics. The engineering detail needed 

for measurements of this type frequently requires a large number of antenna pattern obser- 

vations. An alternate technique i s  to calibrate a new telescope with one previously cali- 

brated. T h i s  requires observations by both on a common time base over a sufficient period 

of time to assign a flux level to the observed antenna temperature. 

The technique employed under this program represents a minor modification of the 

simultaneous comparison method. Since a well calibrated telescope was not available for 

comparison of measured flux intensity at 8.6 mm, the comparison was made between the 

measured antenna temperature obtained when observing the moon to that obtained when 

observing the sun. The relatively large dynamic range required precise calibration of the 

radiometer detector law. Several observations of both sources were made, under similar 

atmospheric conditions and on several occasions within a time difference of only one or 

two hours in order to minimize the effect of variations in atmospheric attenuation. 

If the main beam of the antenna i s  significantly larger than the solid angle subtended 

by the sun, the observed antenna temperature (assuming the atmospheric reradiation term i s  

cancelled by antenna beam comparison) may be expressed in the form: 



where: 

K 

Ts 
r 
7 
0 

constant depending on the antenna pattern and 

solar diameter 

solar brightness temperature (%) 

radome loss 

- - 

- - 

- - 

- - atmosphere zenith opacity 

solar zenith angle - - 

Since the observation procedure consists of recording the output voltage of the 

radiometer i n  terms of the deflection Ds(0) when observing the sun, followed by a 

measure of the output deflection produced by an internal noise calibration source Dc , 
T (  0) may be expressed in  the form: 

where Tc i s  the effective temperature of the internal noise calibration source. 

Note that the technique does not require a precise knowledge of Tc . 
Referring to Equation (2-2) , we may define a parameter r. i n  the generalized form: I 

For lunar observcrt?ons with the identical instrument, the general form of Y' is: 

'C 

where TM (d) i s  the integrated brightness temperature of the moon at the optical phase 

of  observation #, By selecting the time of observation with care, variations i n  the 

parameter dsec @i can be minimized or at least known to a high degree of precision, 

since depends on air mass conditions and on the zenith angle of observation. 



All other parameters of ri with the exception of 7- are common to the value of ri 

obtained in a solar observation except, of course, of 7- . By this simple argu- 

ment, i t  can be seen that the brightness temperature of the sun i s  obtained directly from 

M 
(6) 

the observed ratio of antenna temperatures (sun:moon) and the know brightness temper 

ature of the moon at the optical phase of the observation. 

n,~ &:e;;r,;ac;ticn & the mecc hri&cess temperature of the moon can be derived 

from the assumption that the brightness temperature of any region of the moon with coordinates 

(7 ,A) i s  approximately described by: 

where $ is the opticat phase of the region and y i s  the empirically determined radio 

T i s  then: phase lag for the region. M 

where F ( q  ,A) i s  the antenna receiving pattern function expressed in  lunar coordinates. 

Noting that d R  can be approximated by d q  d A, Equation (2-6) may be written i n  the 

Since $ i s  the optical phase of the subterrestrial point at the time of observation and 

the latitude dependence of TM i s  negligible, we may let 

and rewrite Equation (2-7) in the form: 

(h  ,? ) = f (A) g ( q )  



Three approximations to the form of the antenna pattern wi l l  be considered: 

n u s ,  the mean lunar temperature can be expressed: 

(2- 10) 

(2-1 1) 

(2-12) 



where: 

a = 2/n forcase1 - Square antenna pattern 

i ~ +  4 for Case II 
2r+4 - cos2 ~ / 2  antenna pattern 

4 4  for Case HI - cos antenna pattern 

The antenna performance characteristics of the dual frequency solar telescope 

are best represented by the Case II distribution given above. (Note also that Case II 

i s  close to the average of the 3 cases considered.) 

Uti l izing an average of the constant and f i r s t  harmonic temperatures measured by 

J. C ~ p e l a n d , ~  Expression (2-12) takes the form: 

(2- 13) 

The first series of observational measurements to establish the quiet sun level were 

undertaken during the month of November 1965. The observations made on three days during 

that month are summarized i n  Table 2-1. 

TABLE 2-1 

Date sec Q 2 Weather - 
November 2, 1965 2.2 Clear 

November 4, 1965 1.6 Clear 

November 19, 1965 1.5 C I ear 

Lunar Signal 
Deflection 

6.0 + 0.5mm 

9.0 + 0.5 
- 
- 

9.5 + 0.5 

9.0 + 0.5 - 
10.0 + 0.5 - 
11.2 + 0.5 - 
10.8 + 0.5 - 
11.0 + 0.5 - 

Cali bration Signal 
Deflection 

-~ 

129 .O mm 

192.5 

183.5 

185 .O 

187.5 

215.0 

215 .O 

215.0 



The mean lunar temperatures, calculated from Equation (2-13) for the optical phase 

at the times of observation are given i n  Table 2-2. 

TABLE 2-2 

act€ Qptlco! Phase 

November 2, 1965 292' 

November 4, 1965 316' 

November 19, 1965 1370 

Microwave Phase (h 
2n" 1920k 

28 lo 20 1°K 

1020 1 90°K 

Assuming a nominal value of 7 of 0.03, the actual values of the system constant 

Ke-v& were calculated (using Equation (2-5)) . The numerical values obtained are shown 

in Table 2-3. 

Date - 
November 2, 1965 

Scan I 

Scan 2 

November 4, 1965 

Scan 1 

Scan 2 

Scan 3 

November 19, 1965 

Scan 1 

Scan 2 

Scan 3 

TABLE 2-3 

1 

2.57  IO-^ 
2.58 

2.66 

2.55 

2.76 

2.83 

2.74 

2.78 



The mean system constant i s  2.68 ( + 0.15, - 0.13) x based on the 

average of the values given in Table 2-3. 

The solar observational data (sun to calibration level ratio) was converted to 

apparent brightness temperature corresponding to various "deflection ratio'' values are 

summarized in Table 2-4. The absolute error in these values i s  estimated at slightly 

greater than 5%, assuming "no error" in the value of TIA, # T I  5% in the value of r and 2% 

in the value of the atmospheric correction. 

TABLE 2-4 

Deflection Ratio* , r' 

1 .o 
1.2 

1.4 

1.6 

1.8 

2 .o 
2.2 

2.4 

2.6 

2.8 

3 .O 

Solar Brightness Temperature, OK 

3,740 

4,480 

5.230 

5,980 

6,720 

7,460 

8,220 

8,960 

9,700 

10,400 

11,200 

* Corrected for atmospheric attenuation. 

The average brightness temperature of the sun at 8.6 mm during the 3-month period 

from 1 September 1965 through 31 December 1965 (the quiet period noted during a l l  obser- 

vations) was 8,000'K f 400"K, corresponding to a flux intensity of 2 x 10-'9wat+s/sq. 

meter/Hz (2,000 flux units). 

5. J. Copeland, #'Radio Observations of the Moon and Venus at 8.6 mm Wavelength': 
Ewen Knight Corporation Doc .. #1088, Contract No. NASw-593. 
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Slowly Varying Component 

As a consequence of atmospheric effects, the burst phenomena which follows a 

typical gradual rise and fall i s  more easy to detect than the slowly varying component. 

7he slowly varying component is best obtained by plotting the average solar intensity 

(appropriately corrected for atmospheric attenuation) on a day-to-day basis obtained during 

the period of + one hour about the meridian. Graphical plots of this type are shown in  

Figures 2-1 and 2-2. (Note that Figure 2-1 covers the period from September 1, 1965 

through February, 1965 and Figure 2-2 provides a four-month overlap covering the six- 

month time period from November 1, 1965 to April 30, 1969. These figures provide a 

comparison of the observed brightness temperature of the sun at 35 GHz with the reported 

- 

flux level at 3 GHz for each day of observation. The 3 GHz data includes significant flares 

as well as the average sun level. The 8.6 rnm data i s  plotted at the top of each figure. 

Data points shown with a clear circle refer to clear days of observation. Those shown as a black 

dot refer to days of heavy overcast. The differentiation between clear and overcast conditions 

i s  important since the atmospheric correction was made without including consideration for 

cloud attenuation. Hence, the data points shown as black dots would, in  fact, be represen- 

tative of a higher intensity than indicated on the graph. 

Referring to Figures 2-1 and 2-2, the following features are worthy of note: 

1 . The average brightness temperature of the sun at 8.6 mm during the 

months of October through February was 8,OOOOK corresponding to 

2,000 flux units. 

There appears to be a strong correlation between periods of intense 

solar activity at 3 GHz and an increase in  the average brightness 

temperature observed at 35 GHz. 

The scatter in  the average intensity level at 35 GHz appears to 

increase during periods corresponding to flare activity at 3 GHz. 

2. 

3 .  





- -  I - - -  
I 

- t-- 

0 

I 



4. An apparent decrease in  the average brightness temperature of the 

sun during the months of March and April of 1966 i s  most likely 

related to the poor observing conditions during that period. An 

appropriate correction for cloud attenuation would reduce the level 

of scatter and increase the average intensity noted on the graph. 

???is ssrect!c?n was not introduced since appropriate . . .  values are not 

as yet well defined. 

Burst Characteristics 

Recorded burst activity at 8.6 mm was divided into three classes: gradual rise 

and fall, sudden intense and extremely short. In addition, combinations of these three 

extending over long periods of time (frequently more than one day) were observed as a 

relatively new phenomena early in June 1966. 

Identification of the gradual rise and fall type of burst phenomena requires 

relatively clear, stable weather conditions to minimize confusion with variations in  

atmospheric attenuation. The intensity of this phenomena appears to have a mean value of 

approximately 3% above the quiet sun level (50 to 60 flux units). Bursts of this type 

became relatively common after January 1, 1966 and usually occurred over periods of one 

to two hours. 

The sudden intense bursts i s  most easily recognized. It i s  frequently preceded by 

a gradual increase in  solar intensity though this i s  not always the case. It i s  equally probable 

that the burst w i l l  be followed by a reduction in average solar intensity, to a few tens of 

flux units higher than the flux intensity prior to the burst. The level then slowly decays 

typical of the "fall" portion of a "gradual rise and fall" burst characteristic. 

The sudden intense burst  usually lasts for a period of one or two minutes, and demon- 

strates either considerable structure, i .e., several intense bursts in rapid sequence or an 

individual pronounced burst showing a sharp rise followed by a more gradual decay. 



Typical sudden intense bursts recorded during the months of March and April 1966 

are shown in Figure 2-3 through 2-9. The following features are worthy of note in  reference 

to the recordings of these events: 

1 .  

2 .  

3 .  

4. 

5. 

The dual burst which occurred on 15 March at 18:04 U .T. and 18:05 U .T. 

was preceded by an abrupt increase in  the average flux intensity approxi- 

mately 4 minutes prior to the f i r s t  burst. l h k  abrupt increase was preceded 

by a gradual increase corresponding to approximately 60 flux units over a 

period of one hour. Following the dual burst, the plateau of the average 

solar intensity continued at approximately 120 flux units above the quiet 

sun level for a period of 4 minutes and then abruptly decreased to approxi- 

mately 70 flux units and gradually decayed over a period of two hours. 

(Figure 2-3) . 
Two sudden intense bursts occurred on March 16 at 19:03 U .T. and 19:lO U .T. 

These bursts were on the "fall" portion of a gradual rise and fall type of 

burst which had reached its peak approximately 30 minutes prior to the 

first sudden intense burst. (Figure 2-4) . 
The single intense burst of March 18, which occurred at 14:12 U .T. was 

preceded by a gradual rise and fall and occurred on the "fall" portion. 

The quiet sun level immediately following the burst was 60 flux units below 

the level immediately preceding the burst. (Figure 2-5). 

The sudden intense burst of March 24 consisted of three major outbursts at 

1520, 1528, and 15:28:20 U .T. Each bursts was more intense than the 

one preceding. (Figure 2-6) . 
A pair of sudden intense bursts occurred on April 6 at 1552 and at 

15:52:40 U .T. 

plex structure of  increased solar intensity lasting for a period of 20 

minutes at a mean level of 120 flux units above the average solar flux 

for that day of observation. (Figure 2-7) . 

- 

The bursts were followed within 10 minutes by a com- 



6 .  The sudden intense burst which occurred on April 12 at 17:18 U .T. 

consisted of an initial outburst with a peak intensity of 200 flux units 

followed within one minute by a second burst of approximately 60 flux 

units. The first peak occurred at 17:18:40 U .T. -- duration , 20 seconds. 

The burst decayed to 3% above the quiet sun level at 17:19 U .T. , and 

immediately followed by the second burst which iasted for a period of 10 

to 15 seconds with the peak occurring at 17:19:10 U .T. 

recording of the event above the average sun level for the day of observa- 

tion lasted for a time period of approximately two minutes. (Figure 2-8). 

The entire 

The burst was coincidently observed at the same wavelength (8.6 mm) 

by the Prospect H i l l  Radio Telescope (30-foot diameter) while operating 

in a raster scan patrol of solar activity. The burst was observed near the 

solar equator on the western limb. The apparent disk diameter of the sun 

as measured by the high resolution patrol instrument increased 12.8% 

during the time of the burst as measured directly by the scan of the antenna 

"pencil beam" (4 arc minutes) across the burst phenomena. 

This burst was also observed at the AFCRL Sagamore H i l l  Radio Observatory 

which i s  instrumented for daily solar patrols at 606, 1415, 2695, 4995 and 

8800 M).F~ The flare was observed only at 4995 and 8800 @HE at the 

Sagamore Hi l l  Observatory, The burst intensity showed a marked increase 

with frequency. The measured peak intensity of the burst at 8800 MH? 

was 123.8 flux units and at 35 GHz, 200 flux units. (Figure 2-9)- 

We are indebted to J. Castelli of the Sagamore Hi l l  Observatory for Figure 2-9 

which i s  a record of the April 12 burst observed at 4995 and 8800 WZ. 

Just prior to the first detection of sudden intense burst activity, the daily records 

showed extremely short burst activity. When first detected, this phenomena was considered 

to be equipment difficulty or possibly RFI. Attempts to trace the source of difficulty to 

equipment were unsuccessful. The phenomena consistently appeared on the record only 



during those times when the antenna was directed toward the sun. 

The extremely short bursts appear as individual spikes on the output recording with 

a maximum duration of ten seconds. This phenomena was diff icult to detect at f i rs t  since 

the chart speed throughout the program had been set at a nominal value of 2.5 mm per 

minute. The time markers are spaced at this interval on Figures 2-3 through 2-8. 

Extremely short bursts typical of those observed during March and April 1966 

are shown in Figure 2-10 through 2-16. 

The extremely short burst (ESB) shown in  Figure 2-10 may be diff icult to observe 

on the copy of the record shown in  the figure. This event i s  more easily seen on the 

original data recording. 

The negative going square-wave pulse on the record of April 4 i s  a calibration 

signal (Figure 2-12). 

Five ESB were observed on April 13. (Figure 2-13, 14 and 19 note that on the 

expanded scale (lower record) the general level of solar activity shows fluctuations of the 

order of + 10 flux units with a definite indication of complex structure in  addition to ESB. - 
The three bursts noted on the record shown on Figure 2-14 are difficult to sort from 

other possible complex disturbances, both prior to and following those events designated 

on the record as ESB. 

The time coincidence of the ESB on 25 April (Figure 2-16) with a 3 GHz flare 

beginning approximately 40 seconds later clearly points out the difficulty previously 

experienced in  detection of bursts of this type. The ESB more easily identified on the 

expanded scale available through the use of a 6-channel strip chart recorder provided on 

loan by NASA-ERC. 

Following the identification of ESB as a solar event, the recording system was 

adjusted to provide a chart speed of 25 mm per minute. The expanded scale factor at 

75 GHz was set at 2:1; at 35 GHz, 5 1 ,  In addition, the integration time constant at 

75 GHz was reduced from 10 seconds to 3 seconds and at 35 GHz from 3 seconds to 1 

second. With these equipment changes, the ESB are more easily detected. 



A fourth characteristic of solar activity at 8.6 mm was noted beginning early i n  

May 1966 and continuing through June. This characteristic i s  best described as a combi- 

nation of a l l  three previously described burst phenomena: gradual rise and fall, sudden 

intense bursts, and extremely short bun ts .  We have had relatively brief experience with 

this type o f  activity, insufficient to analyze in detail their significance relative to other 

solar phenomena. This type of complex soiar activity ;asis for pe i id  sf seveia! hauis 

and frequently continues for several days. The onset of this complex structure i s  relatively 

abrupt and continues for a minimum time period of three or four hours. The activity noted 

on May 2 i s  typical of this complex structure. Selected segments of the record obtained 

on May 2 are shown in  Figure 2-17. A summary of the times of specific events is 

presented i n  Figure 2-18. 

Referring to Figure 2-17, note the general complexity of the structure, though only 

one burst event at 1745, has been tabulated. It i s  apparent that a series of very complex 

events was in  process throughout the complete time period shown on the record. 

Of particular interest (Figure 2-77) are the series of ESB preceding the ESB at 

approximately 13:39 U .T. (May 2, 1966) which i s  coincident with a flare observed at3 GHz. 

On the following day, May 3 ,  the general level of activity had subsided, however, 

complex structure interspersed with ESB was readily apparent on the record (Figure 2-19). 

In summary a marked change in  the character of solar activity at a wavelength 

of 8.6 mm became apparent shortly after the quiet period in  the fall of 1965. The 

oomplexity of the observed activity increased from separate sudden intense bursts to a far 

greater number of extremely short bursts and ultimately to long periods of complex combina- 

tions of both phenomena interspersed with gradual changes in  the average solar flux level. 
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2.2 Solar Activity at a Wavelencrth of 4 Millimeters 

Observational data obtained at a wavelength of 4 mm during the period from 

1 May 1965 to 31 December 1965 showed no outstanding burst activity or structure. As 

noted previously, there were only 3 months of data obtained in total, and the days of 

observation were scattered throughout the 8-month period. Equipment difficulties pre- 

cluded the possibl!ity of obtaining continuous patrol data typical of the 8.6 mm records. 

A revised design approach to the RF Head for the 4 millimeter radiometer was com- 

pleted early in  the spring of 1966, and subjected to intensive laboratory testing as well as 

tests i n  the operational configuration during the months of March and April. The 4 mm 

channel was placed in  full operation early in  May and continuous patrol data was obtained 

through the month of June (at the time of report preparation). 

The data was being analyzed at the time of report preparation. A detailed description 

of observed phenomena wi l l  be submitted as an Addendum to this report as soon as the analysis 

i s  complete. 

The calibration of the flux intensity at 4 mm referenced to the measured lunar flux 

intensity wi l l  be repeated in the near future. Prior measurements indicated a brightness 

temperature of the order of 6,000°K with an uncertainty of + - l,OOO°K. The flux intensity 

corresponding to a temperature of 6,000°K i s  7,100 flux units. 

Preliminary examination of the June record shows a most interesting phenomena 

beginning at 17:11:35 U .T., June 20 extending through June 24. On June 25 and 26, 

there was a heavy overcast with occasional light rain and fog. Variations in  atmospheric 

attenuation were so severe that the expanded scale was not usable. Fluctuations on the 

'lnormal scale" were so great (5040%) that i t  was not possible to separate atmospheric 

effects from solar activity. 



The recorded activity beginning on June 20 was as follows: 

June 20, 1966 

Beginning at 17: 1 1 :40 (Figure 2-20) unusual activity was noted 

at 35 GHz. Approximately 10 seconds later, a complex 

phenomena of minor amplitude was noted at 75 GHz, consisting 

of differential absorption and emission. This relatively brief 

complex structure ceased at !7:!2:4 QS did the major complex 

activity at 35 GHz . This was followed by a gradual increase 

in intensity at both frequencies accompanied by a gradual un- 

dulating rise and fall noted at both 35 and 75 GHz. 

At 12:24, an abrupt change in the character of the signal at 

both frequencies was noted (Figure 2-21) as the signal changed 

from a relatively smooth characteristic to one indicative of 

complex low level activity, less than 200 flux units peak-to-peak 

at 75 GHz and 70 flux units peak-to-peak at 35 GHz. Th is  

complex structure continued to increase in  amplitude, and during 

the time period from 17:30 to 17:38, correlation of observed 

phenomena on both frequencies was clearly evident (Figure 2-22). 
Note the simultaneous increase with occurred at approximately 

17:30:30 and the brief burst which lasted approximately four 

seconds beginning at 17:34:00. 

Weather conditions were clear, hence, there was no confusion 

of this phenomena with atmospheric effects. 

No significant activity was reported at other frequencies. (Washagi) 

June 21, 1966 

The complex activity which began at 17:11:40 on June 20 persisted 

through June 21. The amplitude of the structure at 75 GHz had 

increased slightly over that on the prior day of observation. 

35 GHz record showed occasional ESB (extremely short bursts). 

A typical portion of the June 21 record i s  shown in Figure 2-23. 
Note the ESB at 1447:12 and 14:49:48. 

The 

Weather conditions were clear. No  significant activity was reported 

at any other frequencies. (Washagi) . 



June 22, 1966 

The level of complex activity continued to persist through June 22 
and the phenomena of ESB increased in intensity and duration. 

At 155850 a "ramp" increase on the leading edge of an ESB was 

noted at 75 GHz followed approximately 3 seconds later by a 

similar phenomena of complex structure at 35 GHz . (Figure 2-24) . 
%e bu:atlsn of :)is ESB WBS opproximaieiy 24 seconds, approaching 

the character of a sudden intense burst. Following this burst, the 

intensity increased in a complex fashion at 75 GHz and decreased 

at 35 GHz typical of an absorption phenomena at 35 GHz. 

The record for the remainder of the day showed similar structure. 

On occasion a gradual increase and decrease over a period of three 

to four minutes was noted coincidently at both 75 GHz and 35 GHz. 
(Figure 2-25). Of particular interest on this record i s  the structure 

at 75 GHz in the period from 19:51:03 to 195137 followed 3 seconds 

later by an ESB at 35 GHz. Note also the gradual increase and 

decrease in  the average intensity at both frequencies occurring on a 

gradual increasing "ramp". 

Weather conditions were clear throughout the period of observation. 

t 

No significant activity was reported at other frequencies. 

June 23, 1966 

The complex activity which began on Monday continued into Thursday 

with a noticeable increase in  the ESB activity first noted on the 

afternoon (Wednesday June 22), A typical record of the activity on 

June 23 i s  shown in  Figure 2-26. Note the series of extremely short 

bursts apparent on the 8.6 mm record. Activity at 75 GHz was quite 

complex, typical of the level of .activity noted on the prior day. 

Weather conditions were "scattered clouds .I' The optical monitor 

provided easy identification of those periods of observation when the 

sun was obscurred by a cloud. 

No significant solar radio activity was reported at any other frequency 

(Washagi) . 



June 24, 1966 

The activity persisted into Friday with evidence of  greater 

complexity particularly at 8.6 mm as the ESB phenomena 

gradually changed to sudden intense bursts. Burst flux 

intensities reached a maximum of 150 flux units on that 

day. A typical record i s  shown in  Figure 2-27. 

Weather conditions were overcast but stable as indicated by 

the optical monitor. Under these conditions, there was no 

confusion of atmospheric effects with solar activity. 

No significant radio sdar activity was reported on this day 

at any other frequency (Washagi) . 

June 25, 1966 

The weather in  Boston was "heavy overcast, rain and fog". The 

expanded scale on both channels was reduced to a ratio. 

The variability i n  cloud attenuation combined with moisture on the 

radome negated the possibility of separating solar activity from 

atmospheric effects. 

1 :1 

At 15:28 U .T., fluctuations in solar intensity were reported at 

3 GHz, ending at 1610 U .T. (WASHAGI) . Flux intensity levels 

ranged from 75 to 750 flux units. There was a definite post-burst 

increase noted after 16:lO U .T. 

Station 33 (Boulder) reported a very dark Type 111 burst beginning 

at 15:36 U .T. and developing to Type IV (Washagi) . 
A major burst at 0.5 GHz was reported at 15:31, ending at 16:37 
U .T. The flux level was not reported (WASHAGI) . 
A complex burst was reported at 10 GHz beginning at 1533 and 

ending at 1 5 4 3  U.T. Flux intensity levels ranged from 7.5 to 

75 flux units. A postburst increase beginning at 1543 and ending 

at 1633 U .T. was recorded at this frequency with a flux increase 

to 7.5 units (WASHAGI) . 



June  26, 1966 

Weather conditions in  Boston, typical of the prior day, persisted 
through Sunday June 26. Fluctuations associated with the high 
variability of attenuation and moisture o n  the radome negated 
separation of solar activity from atmospheric effects. 

A simple Type I l l  burst was reported at 3 GHz beginning at 15:05 
U .T. and described as long-enduring or gradual rise and fall burst 
(WASHAGI) . The intensity above the quiet  sun level was in  the 
range of 7.5 to 75 flux units. 

June  27, 1966 

The weather in  Boston on  Monday was iiclear and dry". Observing 
conditions were excellent.  No significant activity was noted at 

either 35 or 75 GHz. Of particular significance was the reduction 
in the fluctuation level typical of a quiet  sun. The solar events 
which began a t  17:11:40 U .T. on June 20 at both frequencies and 
recorded throughout the five-day period through the 24th were no 
longer apparent on the record. A portion of the record of June 27 
typical of the entire day, with one exception, is shown in Figure 2-28. 

From 13:50 to 1356 U .T. minor complex activity was noted a t  both 
frequencies. The phenomena describable as a minor and gradual rise 
and fall combined with extremely short bursts and minor  sudden intense 
bursts. This portion of the recording of June 27 is shown in Figure 2-29. 
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ATMOSPHERIC EFFECTS 

A considerable amount of effort was expended in  an attempt to discriminate 

atmospheric contamination of the sun signal level. The problem was approached 

both analytically and with instrumentation techniques. In the latter area, we elected 

to introduce a comparison horn in  a manner such that the atmospheric reradiation com- 

ponent ww!d !x cance!!ed Irsda; iis 1:; tonti-ibutlon to ihe ouipui indicator reading. 

There i s  no known way to cancel the attenuation component, however, i t s  effect on the 

received signal may be reduced considerably by using a feedback network which operates 

on the sensed level of the reradiation component. The reradiation component feedback 

approach was not implemented, since the prime objective of the effort was accumulation 

of solar data. The investigation of this technique i s  worthy of consideration, however, i t  

should be noted that the sensor which provides the feedback signal must be very carefully 

calibrated, quite stable, and in many respects, meet the requirements of an absolute 

temperature measuring device. Techniques in this area were also analytical I y investigated 

and a fundamental approach established. Implementation in hardware form was not under- 

taken for the previously mentioned reason. 

The two atmospheric characteristics of  concern are attenuation and reradiation. 

The reradiation component as noted previously was cancelled by an ''antenna beam 

comparison technique . I '  

function of atmospheric opacity. 

Our effort was then directed to the determination of  the time 

Ana I y ti c al Approach 

Our analytical approach was directed to an understanding of the physical phenomena 

and the derivation of appropriate correction factors for the measured signal intensity, obtained 

by separate measurement of meteorological parameters (temperature and relative humidity) at 

the time of observation. 



' .  Attenuation of microwave energy by atmospheric gases i s  due, primarily 

to molecular absorption by oxygen and water vapor. These two gases are capable of 

interacting with and absorbing microwave energy by virtue of the permanent electric 

dipole of the water molecule and the permanent magnetic dipole moment of the oxygen 

molecule. Other natural atmospheric gases have negligible effects. The microwave 

absorption, due to atmospheric oxygen i s  caused by magnetic dipole resonances of the 

molecule near 115 GHz and 60 GHz. For water vapor, one line occurs at approximately 

22 GHz and one at approximately 184 GHz. In addition, there i s  a vast array of lines 

in the near-millimeter region. The skirts of these absorption bands extend through the 

frequency region of interest and even exhibit a noticeable effect at the lower microwave 

frequencies. 

The absorption caused by molecular transitions has been analyzed by many 

researchers. The Van Vleck-Weisskopf Equation (1945) has accounted most closely to 

observed absorption characteristics. This equation contains two sets of  parameters. The 

f i r s t  establishes the frequency of each absorption line and i s  obtained either from a 

knowledge of energy levels or by measurement. The second describes the width of the 

absorption maxima. 

The water vapor concentration of the atmosphere, i n  general, exhibits an exponen- 

t ial  decrease with altitude and makes a negligible contribution at altitudes above approxi- 

mately 10 km . The water vapor attenuation rates at altitudes other than sea-level reflect 

this decrease. The horizontal attenuation at any altitude i s  then related to the sea-level 

value by an expression of the form: 



where: 
h =  the vertical distance above the surface i n  

units of distance. 

Alh, h ) ~  o= the horizontal attenuation rate in  units of 

length at altitude . 2 

A@A)/-j o =  the horizontal attenuation rate at sea level. 
2 

K =  an empirical constant. 

Weger** through a reiterative curve filtering process determined the value for 

the constant I (=  0.5 which gives a good approximation for a standard maritime Polar 

Atmosphere with h expressed in kilometers. 

Atmospheric oxygen content i s  dependent upon partial pressure and temperature, 

and hence i s  also altitude dependent. Weger has shown that oxygen attenuation in the 

region near a resonance iine at an altitude h in  kilometers can be described by the decay- 

ing exponential function: 

In the wings of a resonance line, the exponential relation is:*** 

(3-3) 

Oxygen and water vapor attenuation at various altitudes has been reported by 

Talbert and Dickinson .**** These values as a function of frequency are shown in 

* Std. Maritime Polar Atmos. "Handbook of Geophysics", Ref. Ed ., U .S .A.F ., 
ARDC, AFRD, GRD, New York, MacMillan Co., 1961. 
Weger, E., "The Atmospheric Background Apparent Temperature at Absorption 
Maxima of Water Vapor and Oxygen in the Microwave Region," Nortronics 
Technical Report No. 10041, July 1962. 
Weger, E., Booth, T.L., "Final Report on Feasibility Study of Target Radiometry," 
Westinghouse Electrical Corporation, 26 June 1959. 
Talbert, C.W., Dickinson, R.M ., "Calculated Values of &sorption Due to 
Water Vapor and Oxygen in  the Millimeter Spectrum," EERL Dept. No. 6-42, 
University of Texas, February 20, 1961. 

** 
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**** 
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FIGURE 3-1. QXY,GEN AND WATER VAPOR ATTENUATION FOR VARIOUS 
ELEVATIONS IN THE EARTH'S ATMOSPHERE 



Figure 3-1. It should be noted that the water vapor attenuation rates shown in  Figure 

3-1 are given in units of db km” gm” m3. Hence they must be multiplied by the 

water vapor density at each corresponding altitude and converted from the db notation 

into numericals to obtain the actual horizontal water vapor attenuation rate, A (h,  A),  

as indicated in  the previous expressions. 

Considering now the effect of atmospheric attenuation on the observed f!vx ink- 

sity of an exo-atmospheric source, note that the received power can be represented in  

temperature units by the relationship: 

(3-4 

or: 

where: 

I.( = Bo1 tzmann’s Constant 

/ 3 =  
TA = the equivalent black-body temperature in  

the frequency (cps) bandwidth of the receiver 

degrees Kelvin 

the intensity of  the radiation in  watts per 

unit area 

Q =  

From the solution of the electromagnetic wave equation, the intensity or power 

density at a point, r (for a wave moving in the slant range direction r ), i s  in the steady 

where @, i s  the intensity (watts per unit area) at ra , at time zero and the integration 

i s  taken over the path from source to the sensor. Thus, the intensity of the traveling wave 

of radiation i s  exponentially attenuated, where A(r) i s  the attenuation coefficient of the 



atmosphere in  reciprocal units of length and r i s  the distance traveled. In general, 

i s  assumed to include al l  mechanisms (e .g . , scattering and absorption) . 
A(r) 

Thus, the apparent temperature of the radiation at any point r, i s  directly pro- 

portional to the intensity at that point and: 

d r  i s  the total attenuation over the path, therefore, J r A k  A )  
The integral 

'0 

exp ( JA(5 3)jr) i s  a measure of the total loss and may be written: 

For Lk 1 , it i s  convenient to express the loss in decibels, where: 

In terms of the exponential decay coefficient, 7 ,  path opacity: 

(3-9) 

(3- 10) 

The value of A (h,A)may be written in  terms of the sea IeveI attenuation rate 

as: 

1 

A(h,h) = A (0, A) EXP (- Kh) (3-1 1) 



hence: 

(3- 12) 

where K i s  a constant i n  reciprocal units of length and the unit of length is considered 

to be the incremental vertical distance which a prescribed value of the horizontal 

absorption coefficient i s  essentially constant, i .e, , horizontally stratified layers are 

assumed. 

Thus: 

LV(dh) = - 4.343 K A(*, A )  [ I  - EXP(-Yh)]  
(3-1 3) 

where the attenuation rate i s  given in db per unit of height <ah ) . The attenuation 

( A/o,Qdb) from Equation 3-13 is: 

or: 

the refore : 

(3-16) 



For large values of h, the total water vapor attenuation through the atmosphere 

can be calculated using Weger's value for r( = 0.5 and h of 1 km, as: 

where: A(o,~,)jb i s  determined as a function of frequency from the data of Talbert and 

Dickinson (Figure 3-1) . It should be noted here that the factor of 2.5 indicated by 

Equation 3-17 i s  in  agreement with the findings of A. O'Brian.* He concluded from a 

graphical integration of attenuation rates normalized to the sea-level rate, and plotted 

as a function of altitude that the total water vapor attenuation over a vertical path through 

the atmosphere i s  approximately 2.5 times the sea-level rate. 

In a similar manner, the total oxygen absorption is: 

(3- 18) 

(3-19) 

Since the total vertical attenuation i s  the sum of the water vapor and oxygen 

"losses" in db, the opacity i s  given by the relationship: 

"A. 0 'Brian, "Atmospheric Attenuation at Microwave Frequencies, I' k e n  Knight Report. 



From geometrical considerations, the slant range distance r is: 

t+ = L~CSC @,, = h set Q, 

and: 

(3-2 1) 

(3-22) 

where: 

i s  the angle measured from the zenith. 

i s  the elevation angle of observation measured from the horizon and 0, 

The atmospheric loss factor as a function of viewing angle, assuming a flat earth 

and horizontally stratified homogeneous atmospheric condition, i s  obtained by multiplying 

the db loss in  the 

l ( P )  = 

vertical direction by csc 9~ or sec & c , e.9.: 

(3-23) 

or: 

and: 

From Equation 3-25, one can obtain a first order prediction of the atmospheric 

loss over any path through the atmosphere from knowledge of the sea-level water vapor 

content and the assumed exponential decay which describes the assumed water vapor 

content distribution with altitude for the existing weather conditions. A family of "k" 

values could, of course, be determined for various weather classes. This type of informa- 

tion i s  not useful , however, except where radio-sonde data i s  available. Calculated 

attenuation values are valid only on clear, "well-behaved" days. 



Using the sea-level attenuation rates of Talbert and Dickinson, and the multipli- 

cation factors i n  Equation (3-17) and (3-19), the expected vertical attenuations at 35 Gc/s 

are : 

(a) Oxygen attenuation = 0.12 db or 2.76 x in units of opacity. 

(b) Water vapor attenuation = 0.026 db/grn/M8 or O.O06/gm/M 2 , 
3 where gm/M refers to 1 gram of pure wste: vapor per cubic meter 

of air. 

These calculated values are consistent with those used by other investigators. 

Oxygen attenuation i s  assumed to be constant at 0.12 db or 2.76 x 10 -2. in 

units of opacity. 

Water vapor attenuation i s  proportional to water vapor density in  grams per cubic 

meter. The density of water vapor, r'd in grams per cubic meter is: 

(3-26) 

where: 

e,,,, = 

T =  
the water vapor pressure measured in millibars 

the absolute temperature in degrees Kelvin 

By introducing the appropriate constant of proportionality (0.006/gm/M~, the 

expression for the water vapor opacity takes the form: 

(3-27) 

3 
In general, the water vapor content i s  quite variable. Values between l/gm/M 

in  winter and 20 gm;/M3 in summer are not uncommon. A value of 7.5 gm/M3 i s  assumed 

for the standard atmosphere. Using the value of 7.5 gm/M leads to a total opacity of: 3 

(3-28) 
= 0.073 
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The presence of clouds and other atmospheric products can cause the total 

value to increase by an order of magnitude or more over that calculated above. 

In general, high values of 7 wil l  be associated with variable weather conditions 

typical of cloudy or overcast days. Under these conditions, a reliable prediction of 

attenuation by surface water vapor measurements i s  not obtained. A cloud cover 

monitor was used to great sdvw!tag= &ring the program. Under scattered cloud con- 

ditions, this parallel recording of optical solar intensity easily identified those time 

periods when a cloud entered the ray path from the sun to the sensor. 

'Srsec To aid in  the data reduction process, tabular values of the function e 

were prepared for increments of 1 degree in zenith angle of  observation covering the 

range of meridian crossing angles of the sun for the observing site. Values of 7 in 

increments of 0.01 over the range from 0.03 to 0.15 were included in  the Figure 3-2. 

Referring to Figure 3-2, note that the correction varies from 17% to 43% under 

weather conditions where r= 0.15. Data obtained on days where ;I exceeded 0.1 1 

were, in  general, eliminated from the monthly published values. 

Empirical Determination of 

During the first four-months of the observing period, an intensive effort was 

directed to an empirical determination of 7, obtained directly from the daily record 

of the observed antenna temperature as a function of the zenith angle of observation. 

The approach was predicated on the reasoning that the antenna temperature obtained 

when observing the sun may be expressed in  the form: 

(3-29) 

(3-30) 
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Since: 

(3-3 1) 

(3-32) 

where: 

T7-m s. = the mean temperature along the observing 

path through the atmosphere 

Ts = the effective antenna temperature contributed 

by the sun in  the absence of the atmosphere 

The fint term in Equation (3-32) i s  the attenuated sun temperature, the second 

i s  the "reradiated" atmospheric temperature. 

Since an expanded beam comparison technique was used, the "reradiation" term 

was cancelled and the expression for the observed antenna temperature was then: 

(3-33) 

where K, i s  a system constant. Normalizing the expression to the internal noise calibra- 

tion source Teal: 

(3-34 



then: 

Redefining the system constant such that: 

(3-35) 

(3-36) 

I i 
where K ,  i s  the reciprocal of receiver system gain factor (K, =7,o/Ts) and i s  in- 

dependently determined. The quantity n i s  the numeric required to adjust the intercept 

of the log plot of Equation (3-36) to unity, i .e ., 

Variations in the reciprocal of n provide a measure of the variations in  the normalized 

value of Ts. That is: 

(3-38) 

The value of /~dTc~i i s  determined by interpolation of the measured data points 

to a "best fit" plot of Equation (3-38) at sec = 0. 

(3-39) 



The path opacity is determined by normalizing the plot to a unity intercept. 

The functional relationship between % and transit t i m e  of the sun is: 

where: 

ot = zenith sngfe of observation 

Q I =  
a =  
H =  

the latitude of the observing site 

the declination of the source 

the local hour angle  with respect to the 

source = Tt /  12 

time from transit in hours t =  

Thus: 

(3-4 1) 

The effect  of a t ime varying atmospheric attenuation can be derived by assuming 

that the attenuation varies linearly with time in the form: 

where: AT/AT = the rate at which the opacity i s  changing. 

The expression for the attenuation ratio under this condition becomes: 



It is apparent that i f the attenuation changes linearly at a rate of - Qr/ A t, and 

data are taken over a sizenb!e rmge of see 3~ on either side of transit, then the average 

of pre- and post-transit values wi l l  provide an indication of the true attenuation at transit 

as well as the contribution to effective antenna temperature provided by the sun. An 

interpolation of the morning data only, would give a high sun temperature and the inter- 

polation of the afternoon data only would give a low sun temperature. The reverse would 

be true for an attenuation change rate of t A-r/nt. 
The gross effect of averaging data on a cloudy day leads to an apparent decrease 

in attenuation as the sun i s  tracked to transit and an increase in attenuation as i t  i s  tracked 

from transit to sunset, since there i s  a higher probability of viewing through a cloud at 

small values of @z. 
Several graphical plots of the observed data were made over a period of three 

months. The results were very discouraging except on days of relatively clear stable 

weather conditions. Under these conditions, close agreement was found with the pre- 

viously described technique used for computing T directly from measured values of tempera- 

ture and relative humidity. After several unsuccessful attempts to arrive at methods by 

which a high level of confidence could be assigned to the method of empirical measurement 

of r, the technique was abandoned and a l l  data thereafter was reduced in  accord with 

correction factors determined from temperature and humidity measurements at the site. 
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I .  4.0 EQUIPMENT DESCRIPTION 

The solar patrol telescope consists of an Antenna Complex and a Control 

and Data Readout Console. The antenna complex i s  a modified SCR-584 Radar 

Van. Modifications include: equatorial mounting of the SCR-584 antenna pedestal 

and incorporation of dual parabolic antennas and RF Heads which comprise the sensor 

portion of the rodhet i ' i c  receivers. The antenna and mount are contained within a 

12-foot diameter air-supported radome attached to the top of the van. Pressurizing 

blowers are located within the van. Personnel access i s  provided via an air lock chamber 

immediately inside the van door. 

Pyramidal horns are used as the primary feeds for the parabolic secondary 

reflectors at both frequencies. The antennas are linearly polarized parallel to the local 

meridian when the mount i s  in  the "transit position". 

A photograph of the Antenna Complex with radome removed i s  shown in Figure 

4-1. 

The video signal output of each radiometer i s  fed by an underground cable between 

the Antenna Complex to the Control and Data Readout Console which i s  located in the 

Ewen Knight Laboratory. This Console contains al l  controls necessary for the operation of 

the antenna, axis position readout indicators for the antenna, antenna programming 

circuitry as well as the IF amplification and video signal processing portions of each 

radiometer channel. 

A photograph of the Control and Data Readout Console in i t s  original configuration 

i s  shown in Figure 4-2. The dual channel strip chart recorder was replaced in April 1966 

by a six-channel unit provided on loan by NASA-ERC . 
The original intent was to preprogram the mount for automatic start on three successive 

days of observation. Circuitry i s  included in the system for achieving this function. The 

accuracy of the clock mechanism however i s  not adequate to achieve precise positioning since 
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the positioning requirement was increased by a factor of 2 over that originally anticipated 

by use of antennas whose apertures are twice the original design diameters. The 35 GHz 

system utilizes a 4-foot antenna aperture providing a 3 db beam angle resolution of 0.9. 

The 75 GHz system i s  currently equipped with a 2-foot diameter antenna aperture providing 

a beam angle of 0.450. 

The sensitivity of the 35 GHz system has been consistently 15°K rms for a post- 

detection integration time constant of 1 sec . The 75 GHz system in i t s  recently modified 

form has provided a consistent rms sensitivity of 3°K 

constant of three seconds. The original design was predicated on integration time constants 

of ten seconds at both frequencies, however, the detection of ESB suggested reduction of 

the time constants to the values noted above. 

for a post-detection integration time 









FIGURE 4-2 
CONTROL AND bATA READOUT CONSOLE 



5 -0 OBSERVING PROCEDURES 

I t  i s  difficult to establish the most appropriate observing procedure for the 

detection of an undefined phenomena at the outset of an observing program. As might 

have been anticipated, the operating procedure was revised on numerous occasions 

throughout the one-year period of observation. Each change reflected added experience 

with the e q ~ ( i p e n t  II we! I as the solar phenomena under investigation. The most 

recent revision in the observing procedure was introduced early in  May 1966 to 

accommodate methods for accumulating optimum data, uti1 izing the 6-channel 

recorder coupled with concentration on detection of ESB phenomena. 

The chart presentation provides a time marker on the right-hand margin indicating 

one minute and 30-minute time intervals. Data channel records beginning with the 

one adjacent to the time marker are: 

- 2.5 x the "Normal Scale'' value with zero 

suppression to provide an average deflection 

of 10 to 15 millimeters from the right side of 

the chart recording, with an increase in  solar 

intensity corresponding to a deflection to the left. 

- Full scale deflection from sky zero to the sun level 

corresponding to a nominal value of 40 millimeters 

with zero suppression to 15 millimeters from the 

right-side of the chart paper. 

- 2 x the Normal Scale value with zero suppression 

to an average value of 15 mm from the right-side 

of the channel recording, with an increase in 

solar intensity corresponding to a deflection to the 

left. 

35 GHz Expanded Scale 

35 GHz Normal Scale 

75 GHz Expanded Scale 
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75 GHz Normal Scale - Full scale deflection from sky zero to the sun 

level corresponding to a nominal value of 40 

millimeters with zero suppression to 15 mm 

from the right-side of the chart paper. 

- Zero cloud level x, clear day, set at approxi- 

mately 5 mm from the left side of the chart 

recording, with night-time level set near 1 

millimeter from the right side of the chart 

Cloud Cover Monitor 

recording. 

(Minor modifications of the procedure on a day to day basis are based on observer 

judgement). 

To chart paper rate i s  set at 25 mm per minute (1 .5 meters per hour). At the 

beginning of each two-hour period (starting at 7:15 A.M. EST), the pen indicator on 

the "Normal Scale'' for both channels i s  adjusted for a 5 mm deflection from the right 

side of the chart recording. The sun level i s  set at approximately 40 mm of deflection 

to the left from sky zero. Internal noise source calibration signals are then inserted 

simultaneously i n  the comparison arm of both radiometers, providing a negative deflection (to 

the right) to obtain a measure of the ratio of the signal level to the calibration level. 

The calibration sources are then extinguished. When the indicator pens return to their 

original sun level, the zero or sky level i s  suppressed off-scale to the right to bring the 

average indicator deflection on both channels to a level of 15 mm from the right side of 

each chart. This accomodates 

quiet sun level. Th is  "headroom" corresponds to 1,700 flux units at 35 GHz and 6,000 flux 

units at 75 GHz. 

the measure of a burst increase up to 85% above the 

The expanded channels at both frequencies are zero suppressed to an average level 

of 15 mm from the right-hand side of their respective chart recordings. 

The antenna position i s  carefully adjusted in both declination and hour angle to 

assure that a peak intensity i s  received on both channels. 



fie antenna is then positioned forward of the sun (west in hour angle), and a 

drift scan obtained to verify sky zero, average sun level, expanded scale gain, and 

symmetry of peak intensities on al l  channels. For this drift scan, zero suppression i s  

removed on both Normal Channels. 
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